T HE COTTON-WOOL SPOT
(CWS) is a commonly encountered retinal lesion. These yellowish white areas are associated with multiple disease processes but are most commonly found in patients with diabetes mellitus (DM) and hypertension (HTN). [1] [2] [3] Although controversial, the CWS has been shown to be a localized accumulation of axoplasmic debris found in the retinal nerve fiber layer. This debris results from interruptions of organelle transport in ganglion cell axons. There are many factors that can cause focal interruption of axonal flow; however, clinically the commonest cause is ischemia. An alternative theory suggests that CWSs are merely sentinels of retinal nerve fiber layer disease. 4, 5 Clinically, CWSs disappear in 4 to 12 weeks and for the most part are asymptomatic. However, there have been reports that describe the development of scotomas at the site of these resolved CWSs as well as studies that suggest that signal transmission failures occur in the ganglion cell axons that pass through these regions. 6, 7 Previously, our group has shown that an acute CWS on time-domain and spectral-domain optical coherence tomography (OCT) is hyperreflective in the inner retina with a dramatically increased average decibel reflectivity. [8] [9] [10] As the lesions resolve, a slightly hyperreflective nodular area can be identified at the sites of the lesions for up to 3 months from the time they were identified. With time, the reflectivity of the inner retina in the area of the CWS become closer to normal. 9, 10 The CWS-induced destruction of the nerve fiber layer leads to a small focal defect in the area of the CWS as well as damages the axons of the more peripheral ganglion cells. This can result in an additional, more diffuse defect in retinal sensitivity.
Microperimetry has become a common way to measure macular function and assess the natural history and treatment outcome in macular disease. Microperimetry incorporates an eye tracker, allows automated follow-up examination at the same retinal loci, and is combined with a color fundus camera for image registration. It has become an important tool in gathering data about retinal function in patients with a variety of diseases.
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Our purpose in this study was to evaluate retinal sensitivity using microperimetry after documented CWS regression in patients with HTN or DM. Since it has been shown that permanent structural changes can be imaged with OCT after resolution of these lesions, it seems logical that retinal function, as might be measured by microperimetric sensitivity, may be abnormal as well. Detection of retinal damage from these lesions may allow understanding of why patients with a seemingly normal fundus examination have persistent scotomas and decreased acuity in 2 commonly encountered diseases.
METHODS
This study evaluated 12 patients identified as having CWSs from 1999 through 2009. Six of the patients had HTN, and 6 of the patients had DM. One of the patients had both HTN and DM, but fluorescein angiography changes were predominantly diabetic; thus, this patient was classified as having a diabetic CWS. None of these patients had other concurrent ocular disease that could affect vision. The mean (SD) hemoglobin level of our patients was 12.44 (1.78) g/dL (124.4 [17.8] g/L). There was no history of sleep apnea in any patient. We also recruited 9 patients (16 eyes) who were used as matched normal patients without retinal disease or systemic HTN or DM. Overall, 34 lesions and the surrounding retinas were evaluated with the microperimeter.
Microperimetry testing provides a subjective measure of a patient's visual function in a relatively small area of their retina (10°-20°). With the use of the Spectral OCT scanning laser ophthalmoscope (SLO) combination imaging system (OPKO Instrumentation, Miami, Florida), providing confocal fundus images for alignment, orientation, and registration, the map produced by this testing modality allows the operator to know precisely what fundus location is being stimulated. The custom "9-4" pattern that we used to test cotton-wool spots is illustrated. The lesion is placed at the center. All points are Goldman III size, the duration is 150 milliseconds, and a stepladder intensity change (4-2 strategy) is used. The 4 peripheral test spots are 950 µm from the center and are used as control areas.
During a microperimetry test, a patient is shown visual stimuli at specific light intensities at specific locations on his or her retina. The patient uses a handheld button/clicker to notify the system if the stimulus is seen. That feedback (or lack thereof ) determines the next intensity of the subsequent stimulus. This process is repeated for all of the stimuli in a predetermined pattern and predetermined area. At the end of the test the operator is given a fundus image with the stimulus pattern overlaid showing the dimmest intensity at which each stimulus was seen by the patient. The intensity level of the stimulus is displayed in decibels.
We designed a custom pattern of 13 test points, which we term the 9-4 pattern (Figure 1 ). This was designed to have symmetrical group of 9 test spots to be used in the area of resolved CWSs surrounded by 4 adjoining points that were 950 µm from the center of grid, which we used as controls for uninvolved retina. We chose a Goldmann III spot size with at starting stimulus of 10 dB and 150 milliseconds' duration. These parameters allowed for detection of the lesion without triggering eye movements. The use of the 9-4 pattern resulted in a short test time and helped eliminate patient fatigue. Our goal was to determine retinal sensitivity but to avoid patient fatigue. We therefore used a 4-2 strategy as recommended by Convento and Barbaro. 12 The fixation target was a white cross. The mobility of the fixation target allows for testing beyond the arcades and at specific designated locations. We used the 8-frame-per-second eyetracking software, which tracked and adjusted for eye movement. We used the 4-spot pattern in each eye for the patient to practice. This was done to correct for the learning effect known to occur with computerized perimetry. 13 Prior to testing, the patients' color photographs were reviewed to ensure that the correct area of the retina, corresponding to the CWSs, was being tested.
The test was administered 5 minutes after the practice session, and a 15-minute rest period was given between testing of the right and left eyes. The test was performed on the eye with better vision first in order for the patient to become familiar with the testing method. To confirm the test point hit the CWS lesion exactly, the microperimetry map was overlaid onto the color fundus photograph using photoediting software (version 10.0.1; Adobe Photoshop CS3, San Jose, California) (Figure 2) .
The deepest scotoma in the central 9-point field in the area of the CWS was the value used for the scotoma. For the adjacent control retina, we averaged the adjacent points around the grid to determine non-CWS retina sensitivity. Any test spot overlying a vessel was discarded because blood vessels reduce retinal sensitivity when testing with microperimetry. For statistical analysis, we used a paired t test and JUMP software (version 8.0; SAS Institute Inc, Cary, North Carolina).
RESULTS
We evaluated 28 retinal CWSs in 12 patients. There were 6 hypertensive lesions in 6 patients with HTN, and there were 28 diabetic CWSs in a total of 6 patients with DM ( Table 1) . For normal controls, there were 34 areas tested in 16 eyes of 9 patients. For each CWS in the study population we chose 1 age-and location-matched area in normal patients as controls.
Microperimetric sensitivity showed that the mean (SD) sensitivity of HTN CWSs was 11.67 (3.88) dB. The mean sensitivity of surrounding controls from HTN CWSs was 14.00 (2.89) dB (Figure 3) . The mean sensitivity of ageand location-matched normal controls was 13.33 (3.27) dB. Sensitivity of HTN CWSs was statistically different from the surrounding control area (P=.01), but not from age-and location-matched normal control regions (P=.26). There was no significant difference between the surrounding control in the hypertensive eyes and that of the age-and location-matched normal eyes (P =.64).
Microperimetric sensitivity showed that the mean (SD) sensitivity of DM CWSs was 7.21 (5.48) dB. The mean sensitivity of surrounding control areas from DM CWSs was 11.80 (3.45) dB (Figure 3) . The mean sensitivity of age-and location-matched normal control regions was 15.28 (2.45) dB (Figure 4) . Among patients with DM, the retinal sensitivity over resolved CWSs was decreased compared with adjacent control areas (PϽ.001). Not surprisingly, the retinal sensitivity overlying resolved CWSs in patients with DM was decreased compared with age-and location-matched normal control retinal areas (PϽ.001). However, the adjacent control areas among patients with DM were decreased compared with age-and location-matched normal controls. This difference implies that the diabetic retina not visibly involved with CWSs has lower retinal sensitivity. In addition, there was a statistically significant difference between the mean sensitivity of hypertensive CWSs and the mean sensitivity of diabetic CWSs (P=.045) ( Table 2) . The difference in mean retinal sensitivity between our control groups was not found to be statistically significant (PϾ.10). The difference is likely due to the fact that we used age-and location-matched normal controls to correspond to our patients with HTN and DM and CWSs ( Figure 5 ).
COMMENT
Systemic vascular disease such as DM or HTN can cause inner retinal disease by damaging the retinal circulation. One of the obvious clinical signs of such damage is the retinal CWS, which represents axoplasmic debris in the retinal nerve fiber layer following an inner retinal infarction. Without microperimetry technology, it is difficult to assess the amount of vision loss and functional retinal damage due to these lesions. It has been shown that resolved CWS lesions have permanent structural consequences that have been documented by spectral domain OCT. Subsequent visual sensitivity consequences would be expected. [8] [9] [10] It is likely that these lesions produce a combination of focal relative scotoma (owing to loss of ganglion cells in the region of the ischemic in- . An example of reduced sensitivity over a large retinal vessel in a normal patient. We found that reduction in sensitivity by 4 to 8 dB was common over large retinal vessels. In this case there was a 10-dB reduction. The inset shows normal sensitivity at the normal retina but reduced sensitivity at the point of retinal blood vessel (value 10). sult) and more diffuse vision loss owing to damage to the retinal nerve fiber layer that courses from the more peripheral retina through the area of infarctions. We note that whether CWSs were seen in the macular area, near or peripheral to the major vascular arcades, a central scotoma remained. We did not perform peripheral retina distant perimetry (ie, 4-10 disc diameters peripheral to the lesion) because of a technical problem in doing this and the longer examination time period that would be needed.
Our study took advantage of several features of combined SLO/microperimetry (OPKO Instrumentation). Primarily, a simultaneous infrared SLO image of the retina allowed precise microperimetry localization over the lesions in question. Also, we could customize programs and select targets outside the macula in areas peripheral to the major vascular arcades. Finally, eye movement is stabilized using an eye tracker that ensures that the microperimetry target is consistently over the retinal area of interest. To confirm reproducibility of microperimetry data, we evaluated 72 eyes in 36 patients using 2 separate microperimetry sessions. We found that 95% of the retinal sensitivity value between the 2 examinations was within 4 dB (repeatability coefficiency = 4) using BlandAltman plot (Amini et al 14 ) . The eye tracker is not completely ideal, however, because the 8-Hz tracker can cause some small positional errors during microperimetry. This may explain why there are different depths of scotomas and residual positional inaccuracy when studying CWSs.
One concern with the use of any microperimetry technology is related to fixation eye movements. There are 3 different fixation eye movements: high-frequency smallamplitude tremor, slow drifts, and fast microsaccades (duration of about 25 milliseconds). The OTI has a frame rate of 8 frames/s or about 125 milliseconds/image. In our opinion, owing to the pixel size of about 20 µm/ pixel, we will not see any effect of microtremor. Slow drift can be corrected owing to the slow speed of the movement. Microsaccades are so fast that they may fall within a frame or in between 2 frames. Each frames takes 125 milliseconds from top to bottom. Microsaccades are 25 milliseconds in length. Thus, our biggest concern of positional inaccuracy is microsaccades. [15] [16] [17] To our knowledge, this is the first study to examine focal vision loss in areas of resolved retinal CWSs using microperimetry. We have shown that permanent damage exists for years after ophthalmoscopic resolution of the lesion. Interestingly, irrespective of the etiology of the CWS (DM or HTN) , damage is present, but in patients with DM there is also reduced sensitivity in areas that we chose as adjoining control regions. It is for this reason that we chose similar areas in normal agematched eyes to test retinal sensitivity. There is evidence of retinal function damage in areas not visibly involved by CWS, particularly in diabetic eyes. This is not unexpected as the same inner retinal damage from microvascular disease seen as a CWS also causes retinal damage in areas without CWS formation. This is likely due to small areas of nonperfusion or other ischemic or edematous insults. Fluorescein angiography of our lesions does show vascular change, and this may contribute to the reduction in sensitivity that we have demonstrated.
In addition, it is interesting to note that there seems to be more diffuse retinal damage in patients with DM than in those with HTN. In the hypertensive eyes, the areas adjoining the retinal CWS are closer to normal in terms of microperimetric vision sensitivity than is the case in the adjoining areas of patients with DM. There are many reasons why the lesions may be different. One possibility is that patients with DM have a more impaired retinal circulation prior to the arteriolar infarction causing the CWS; however, it is also possible that there is inability of the retinal circulation in the patient with DM to revascularize or the presence of more severe pericytic injury in those with DM. What is also possible is that patients with HTN have less severe retinovascular disease than those with DM or compensate better after microinfarctions.
In conclusion, our study has shown that there are focal areas of retinal vision loss in patients with DM and HTN. The vision loss in diabetic eyes seems to be more severe than in hypertensive eyes both in areas of old CWSs as well as in the adjoining apparently uninvolved areas. The use of microperimetry is an important tool in evaluating the functional correlates of structural retinal changes. 
